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ABSTRACT

We present preliminary results for nucleon structure functions measured in high
energy neutrino interactions. Inciuded are new results for the Gross-Lleweilyn Smith
Sum Rule, { 12Fdz = 2.66+.03(stat)+.08(syst), the ratic of cross-sections, o7 fo¥ =
511 & .002(stat) + .005(syst), and an analysis of the Q2 evolution of = F;.

1 Introduction

High energy neutrino interactions provide an effective way to measure the structure
of the nucleon. The differential cross-section for charged-current interactions is:
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(1)
By measuring the differential cross-sections for v,-N and T,,- N interactions, the struc-
ture functions F; and zF) can be extracted. These structure functions are related
in the standard model to the momentum density of the constituent quarks, and are
used to test both the quark-parton model and perturbative quantum chromodynamics

(QCD).
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We present new high statistics, high energy data from the CCFR collaboration.
The data were taken in two runs in the Fermilab Tevatron Quadrupole-Tripiet Beam
(QTB) with neutrino energies up to 600 GeV. A sample of 3,700,000 triggers was
reduced after fiducial and kinematic cuts (E, > 15 GeV and 8, < .150) to 1,281,000
v- and 270,000 T-induced events. This is an order of magnitude increase in statistics

and a factor of two higher mean energy compared with the CCFR Narrow Band Beam
(NBB) samples (21,

2 Calibration

The measurement of the structure functions depends critically upon understanding
the energy resolution and calibration of the detector. The CCFR detector3 consists
of target calorimeter carts which measure hadron shower energy and muon angle
followed by a toroid spectrometer which measures muon momentum. The polarity of
the toroid was alternated during the running periods to take data both focusing and
defocusing the muons. The detector was calibrated using charged particle test beams
(independent of the neutrino running).

A hadron beam was directed into the target carts at different energies and different
positions. The beam was momentum analyzed to high precision and had & narrow
width (a few per cent). This date was used to calibrate the apparatus to better
than 1% and determine the detector resolution function. Figure 1A shows the hadron

beam data at one energy setting (100 GeV) and the parameterization obtained from
the data.
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Figure 1: E,,y and E, Resolutions

Muons from the test beam were used to calibrate the toroid spectrometer. Fig-
ure 1B shows the fractional difference in 1/P, for data and Monte Carlo generated




events. The data is from one energy setting (120 GeV) of the test beam. The Monte
Carlo calculation propagates the muon with full dE/dx loss (restricted and catas-
trophic energy losses: ionization, pair-production, and bremsstrahlung). Again the
data and Monte Carlo match in mean as well as shape. Both the single-scattier and
the catastrophic-loss tails are correctly modeled as well as the muitiple Coulomb
scattering whick dominates the shape.

Certain sspects of the scaling violations are more sensitive to the difference in
hadron and muon energy scales than to overail energy miscalibrations. The relative
calibration of Ej,¢ to E, can be checked by plotting % as a function of
Y = Epad/Eyis. 1f the hadron and muon energy scales are the same, the ratio will be
unity for all y. If not, the deviation of the slope from zero will measure the difference
in energy scales. Figure 2 shows the relative calibration for focusing and defocusing
events. Both are well within 1% of zero on average.
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Figure 2: Relative Calibration for Focusing and Defocusing Events

3 Relative Flux Extraction

In the QTB there was no direct measurement of the secondary produced perticles.
Instead the neutrino flux had to be extracted from the charged-current data. From
the events we can extract the relative flux, i.e. the ratio of fluxes at different en-
ergies and the ratio of neutrino to antineutrino flux. However, there is no direct
measurement from this data of the absolute flux. Hence we normelize the data
to the world average of the neutrino total cross-section in iron target experiments,
oV = .68 x 10~ cm? E,(GeV)HIB),

The éarincipn.l method of relative flux extraction used here is the fixed v-cut
method!®). In the limit y — 0 (or v = Epsa — 0), the differential cross-section




do/dv approaches a constant which js independent of energy and the same for peu-
trinos and antineutinos. Thus after integration over all = and over v from gero up
to vy, the cross-section becomes independent of energy so that the relative flux is
determined by counting events; i.e.

$(E) x N(E,v < vo) + 0(%'!) (2)

where O(%) indicates corrections of order w/E arising from helicity induced y-
dependent terms. The parameter v, is chosen small enough to minimize corrections
yet large enough to provide sufficient statistics. For our vu cut of 20 GeV, there are
410,000 v and 140,000 ¥ events used for determining the relative flux.

Two other methods check the relative flux extraction. The first is the y-intercept
method!”] which relies on the same principle but uses nearly the entire kinematic
range. Events are binned at different encrgies as a function of y,..,. At each energy
the value of the fitted intercept dN /dy at y = 0 is proportional to neutrino energy
times flux. This method agrees with the fixed p-cut method to 1.5%. The third
method is the overlapping z and Q2 bin method {1I. The structure functions calculated
at different energies but in the same z and Q? bin should be equal. Applying this
constraint provides another measure of the relative filux. The values 80 obtained agree
with the fixed v-cut flux to a few per cent.

The ratio of antineutrino to neutrino total cross-sections can be directly obtained,
since the ratio of their fluxes is mensured. This ratio is relatively free of systematic
errors because it is a double ratio. The new data presented here include the first
measurement of this quantity above 200 GeV (figure 3). The average over the energy
range of 30-400 GeV is .511 & 002(stat) & .005(syst).
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Figure 3: Ratio of Antineutrino and Neutrino Cross-sections




4 Structure Function Exti'action

For the structure function analysis additional cuts of Ejng > 10 GeV, Q2 > 1 GeV?,
and £, > 50 GeV were applied. After these cuts, there remained 990,000 v- and
165,000 7-induced events. The accepted events were separated into twelve = bina
from .015 to .850 and sixteen Q? bins from 1 to 500 GeV?. Eq. 1 takes the form

dav ) 2 2
Zzgy = (Fi(=Q%) £ (b)eFy(z, Q) 3)

after a number of assumptions discussed below. Integrating this cross-section times
the flux over each z and Q2 bin gives the number of events in that bin. We thus have

sets of two equations in two unknowns to be solved for the structure functions at the
bin centers, z, and Q2.

AN = ([ a®(EYdE)(Fa(z, Q1)) + JrREyaE R (=@t (4

AN® = ([ a®(EVdE) Fy(zo, @2)) - ( [V(EPeE R Ql)  (3)

We assume R = ¢l /o7 = Rqgcn (the function predicted by pertubative QCDiS]).
We apply corrections for the 6.85% excess of neutrons over protons in iron. We
assume that the charm sea is zero and the strange sez is x times the non-strange sea
(x = .44) 91, we correct for threshold production of the heavy charm quark by the
slow rescaling modelll0I11} with m_ = 1.31 GeVU, Radiative effects follow De Rijula
el al.[w], and the cross-section is corrected for the massive W-boson propagator.

5 Gross-Llewellyn Smith Sum Rule

The Gross-Llewellyn Smith Sum Rule/l3) predicts that the integral of 1zF, is the
number of valence quarks in the nucleon. The value of three following from the naive
parton model is modified by perturbative QCD and higher twist effects:

2

SGrs = /ing(z,Qz)dz =31~ %Q——) + O(é)] (6)
The integral is evaluated at Q@* = 3 GeV?, which is the mean Q7 of the lowest
z bin, the bin which contributes most heavily to the integral. In each = bin a fit
is made to 2Fy(z,Q?) and interpolated or extrapolated to 3 GeV?. These values of
2F3(2,Q% = 3 GeV?) are in turn fitted to Az®(1 - z)€ and this fit is integrated to
determine the sum. The value obtained is 2.66 + .03(stat)+ .Us(lyat)[M’. For A = 250

MeV the prediction for Scrs is 2.63.
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Figure 4: CCFR Preliminary GLS Measurement and World Status

Both the value of zF3(z,Q? = 3 GeV?) (squares, right-side scale) and of the
integral from x to 1 (diamonds, left-side scale) are shown in figure 4A. The results
from this experiment and from previous ones 115! are illustrated in figure 4B. This
new result is about a factor of two more precise than the previous best measurement
of this quantity.

The overall error is small because of our good measurement at small z values.
The systematic errors are dominated by the uncertainty in the overall level of the
neutrino cross-section (2.2%), our measurement of the relative neutrino-antineutrino
flux (1.5%), and the muon energy calibration (1.0%). The hadron energy and muon
angle resolution uncertainties do not contribute significantly to the systematic error.

8 Structure Function Evolution

In pertubative QCD, structure functions are expected to evolve according to the
equations
dF~S(z, Q%)
dinQ?
5 2 2 ] - ’
dif,fé? )2 (Pgo(2)F(2,Q") + Poo(2)G(Z,@M)dz  (8)
where the P, are the “splitting functions” predicted by the theory.

The non-singlet structure function (2 F3) evolution depends only on itself and the
known splitting function. The singlet equation is more complicated: the evolution of
F3 is coupled with that of the gluons, G(z). We only discuss the zF; evolution here.

The prediction for the slope (equation 7) involves = product of two terms, one of
which depends on Agcp (a,) and one which does not (the integral). The splitting

_ asErQ?)ftl pgbs(z)FNs(-:-:,Qz)dz (7)




function is independent of the value of the coupling constant to leading order so the
behavior of the integral is known from the ievels of the structure functions alone. The
integral passes through zero at a point predicted by QCD, and hence the slope of z F;
does 50 as well. Different values of A do not change this point but only vary the siope
significantly when the integral is far from zero at high z. The low 2 behavior can
be studied for consistency with QCD while the high z behavior provides the most
sensitive measure of A. However the high = data points are also the most sensitive to
the uncertainties in the energy scale and other systematic eflects. Since our systematic
studies are still in progress, we do not quote a value for A at this time.

The low z behavior is in itself quite interesting. There have been two previous
measurements of the slope d;‘":é?. For varicus values of A there exists a family of
curves, all of which pass through zero at the same point and fan out at high z (figure
5A). The CDHS collaboration has provided high statistics data which are statistically
inconsistent with the curves for all values of A (191, The CCFR NBB dats are too
limited in statistics to be conclusive {2,

Figure 5B shows our new data along with a sample curve. We observe that our
low z behavior agrees well with the QCD prediction. This observation is independent
of the possible calibration adjustments and independent of the value of A. This is the
first confirmation of the QCD prediction for a non-singlet structure function.
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Figure 5: World Status and CCFR Preliminary zF; Evolutions

7 Conclusion

The CCFR collaboration has new high energy, high statistica structure functions.
From this data we are able to extract the ratio of the neutrino and antineutrino
cross-sections, ¢ /0¥ = .511 + .002 £ .005, the Gross-Llewellyn Smith Sum Rule,




Jo 1zFy(z,Q? = 3 GeV?) = 2.66+.03<.08. The data also provide the first observation
of the non-singlet structure function evolution consistent with QCD.
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